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Abstract 
Developmental research suggests that children’s cognitive inhibition increases in efficiency with age, which leads to better 
performance in memory, problem solving, reasoning, decision or emotional control. Over several decades, directed forgetting has 
been proven to be among the reliable methods used for studying intentional inhibitory processes in cognition. This study has the 
general aim to investigate the development of cognitive inhibition during secondary school. In order to accomplish this, I used 
directed forgetting tasks in two procedural versions: list and item-by-item. In Experiment 1, fifth and eighth grade students 
participated in an item-by-item directed forgetting task. The directed forgetting effects observed in this procedure are usually 
interpreted in terms of encoding differences or differential rehearsal of the studied items. In Experiment 2, fifth and eighth grade 
students participated in a list directed forgetting task. The directed forgetting effects observed in this case are interpreted in terms 
of retrieval inhibition. The overall results suggest that the ability to intentionally control the mnesic access of irrelevant or 
unwanted information increases with age during secondary school.   
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of  Dr. Zafer Bekirogullari of  Cognitive – Counselling, 
Research & Conference Services C-crcs. 
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1. Introduction 
Cognitive inhibition has been defined as “the stopping or overriding of a mental process, in whole or in part, with 
or without intention” (MacLeod, 2007, p. 5). Thus, it can be theoretically distinguished from its behavioral 
counterpart, behavioral inhibition, in this latter case the control efforts leading to behavioral effects (e.g. overriding 
an action or refraining from doing or saying something). A large domain of mental processes might be influenced by 
cognitive inhibition, such as selective attention, elaborative encoding and rehearsal of information in memory, 
retrieval or mental rumination about unwanted thoughts. Cognitive inhibition might act automatically and 
preconsciously (for example in negative priming or in normal speech comprehension whenever the participants 
should select an adequate meaning for a polysemantic word) or it might be an intentional process, deliberately 
initiated by the individual in order to escape from or to reduce the cognitive influence of certain knowledge or 
cognitions (for example in thought suppression or intentional forgetting). The performance in a large domain of 
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activities/tasks depends on people’s abilities to inhibit irrelevant information, from simple orientation of attention to 
complex problem solving or social communication. 
 A number of studies suggest a developmental trend in inhibitory processes during mid- to late childhood (e.g. 
Diamond & Taylor, 1996; Harnishfeger & Pope, 1996; Ridderinkhof, Van der Molen, Band, & Bashore, 1997; 
Carver, Livesey, & Charles, 2001; Durston et al., 2002). Children, as they grow older, they become more able to 
voluntarily inhibit distracting stimuli from the attentional field, to suppress unwanted memories or to ignore 
memories that are no longer accurate or relevant, to control the remembering of irrelevant information and, and they 
also gain control over their actions. The considerable improvement acquired with age, occurring at multiple levels 
and forms of inhibitory control, has been documented in studies involving classical Stroop, flanker, go-nogo, 
directed-forgetting or various versions of dual behavioural or cognitive-behavioural tasks (Gerstadt, Hong, & 
Diamond, 1994; Diamond & Taylor, 1996; Lehman, Morath, Franklin, & Elbaz, 1998; Kochanska, Murray, & 
Harlan, 2000; Carver, Livesey, & Charles, 2001).      
 In the last decades, directed forgetting has been proven to be one of the most reliable methods used for studying 
intentional inhibitory processes in cognition (Golding &MacLeod, 1998; Ohta, MacLeod, & Uttl, 2005). In this 
experimental paradigm participants are presented with a set of stimuli (in most cases words) and instructed to forget 
a part of them and remember the others. The common finding is that participants have better performances in 
remembering those words they were instructed to remember than the words they were instructed to forget (directed 
forgetting effect). At the same time, directed forgetting effect is accompanied by an improved performance in 
remembering the words associated with remember instruction (directed-forgetting benefit). There are two commonly 
used versions of this experimental paradigm: item-by-item and list, each of them involving distinct cognitive 
mechanisms. In the item-by-item procedure, participants are presented the set of words and each word is 
accompanied by an instruction to either remember or forget. The item-by-item directed forgetting effects were 
observed in recall, recognition and implicit memory tests and they are thought to reflect differential encoding for the 
two categories of items, cued to remember or forget. In the list procedure, participants are presented with two lists of 
words for study. After reading the first list, half of the participants are instructed to forget it and the other half are 
instructed to remember it. The second list is then presented with a remember instruction and at the end all the 
participants are requested to remember as many words as possible from both lists, irrespective of the previous forget 
instruction. List directed forgetting effects are interpreted mainly in terms of retrieval inhibition (Bjork, 1989; 
Badsen, Badsen, & Gargano, 1993; Johnson, 1994).   
 Relatively recent studies indicate that unintentional (automatic) cognitive inhibition is fully functional in children 
from early ages (e.g. 5-years, in a study using negative priming tasks, Pritchard & Neumann, 2004; 7-years, in two 
studies involving retrieval-induced forgetting tasks, Ford, Keating, & Patel, 2004 and Zellner & Bauml, 2005; 8 
years, in another retrieval-induced forgetting study, Lechuga et al., 2006). According to previous research, 
intentional cognitive inhibition appears to be an ability that greatly improves between childhood and adolescence, 
allowing the individual to perform more and more complex cognitive tasks (Diamond & Taylor, 1996; Harnishfeger 
& Pope, 1996; Kail, 2002; Durston et al., 2002; Lechuga et al., 2006). Directed-forgetting studies performed in 
children with different ages have a significant contribution to support this developmental evolution (Lechuga et al., 
2006).  
In a study conducted by Bray, Hersh and Turner (1985), using the directed-forgetting list procedure and two sets 
of pictures as stimuli, 11-year-old children were able to use an adequate selective remembering strategy but they did 
not use selective rehearsal as the older participants did (15 and 18-year-old). The results obtained by these three 
authors led them to the conclusion that between 11 and 15 years “a sharp transition in memory abilities” occurs. 
Harnishfeger and Pope (1996) found that children’s cognitive inhibition, assessed through a list directed-forgetting 
task, gradually increases in efficiency over the elementary school years (from 1st, 3rd to 5th grades). More recently, 
Paz-Alonso et al. (2009) found that children’s ability to suppress the retrieval of unwanted memory significantly 
improves from age 8 to 12. The experimental method used in their study is the Think/No-Think paradigm (Anderson 
& Green, 2001). Based on neuroimaging research, these authors conclude that children become more competent in 
suppressing/inhibiting their unwanted memories as their prefrontal cortex structures/functions refine with age.    
In this line of research, the general aim of the present study is to investigate the development of cognitive 
inhibition during secondary school (from 5th to 8th grades, 9-10 to 13-14 years). Directed-forgetting tasks were used 
in two experiments, in two procedural versions: list and item-by-item, in order to asses children’s abilities to 
selectively rehearse to-be-remembered information as well as their retrieval inhibition abilities. 
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2. Experiment 1 
The purpose of this experiment is to investigate the development of children’s competencies to intentionally 
forget a set of verbal stimuli. The experimental method I used is directed forgetting, item-by-item procedure. The 
hypothesis is that from mid-childhood to adolescence children’s abilities to intentionally forget unwanted material 
significantly increase, they being able to selectively process to-be-forgotten and to-be-remembered information.  
 
2.1. Method 
2.1.1. Participants  
A total number of 85 children participated in this experiment on a volunteer basis.  They were selected at random 
from two secondary schools in Alba Iulia, Romania. They were divided in 4 groups, according to age and to 
experimental condition. Two groups had exactly the same size, comprising each of them 20 fifth grade children, 
aged between 10 and 11 years. The other two groups comprised 24 and 21 eight grade children respectively, aged 
between 13 and 14 years.  
 
2.1.2. Design  
The experiment used a mixed factorial design 2 X 2 X 2. The between-groups independent variables were the age 
of the participants (10-11 years and 13-14 years) and the experimental condition characterized by the presence or 
absence of forgetting instructions (directed forgetting or simple memorization). The within-subjects variable was the 
set of words (to be remembered or to be forgotten: associated only with remember instruction or associated with 
forget instruction in the directed forgetting condition). The dependent variable was the number of correctly recalled 
words.     
 
2.1.3. Material 
 Two sets (lists) of 15 words each were used, the words being semantically unrelated and matched between the 
lists regarding their length and frequency in language. These sets of words were selected from a subscale assessing 
cognitive inhibition, part of a more complex standardized instrument designed to evaluate cognitive aptitudes in 
children and adults (Psychological Tests Battery for Cognitive Aptitudes – BTPAC, produced by Cognitrom SRL, 
http://www.cognitrom.ro/prezentare_btpac.html).  
 
2.1.4. Procedure 
In the item-by-item directed forgetting condition, the participants were provided with the whole series of 30 
words, each word being associated with an explicit instruction: remember or forget. To-be-remembered and to-be-
forgotten words were presented in a mixed order. Participants were instructed to memorize only the words followed 
by the instruction remember. In the simple memorization condition, prticipants were presented the same words but 
without any cue and they were instructed to memorize them. The words and their instructions were read aloud in 
front of the group of children at a reading speed of approximately 2-3 s/word. The evaluation phase consisted of a 
free-recall task, with participants being asked to remember and to write down on a sheet of paper all the words 
presented, regardless of the associated instruction. The time limit for free recalling was 3 minutes. 
2.2. Results 
A 2 (age, 5th and 8th grade) X 2 (experimental condition, item-by-item directed forgetting and simple 
memorization) X 2 (list of items, to-be-forgotten or to-be-remembered) mixed analysis of variance (ANOVA) on 
recall rates was performed. The ANOVA results show that the main effects of the three variables are statistically 
significant.  
First, there was a significant effect of the within-subjects factor, list of items, F(1, 81) = 68.123, p < .001, η2 = 
.457. The effect of the interaction between the list of items and the between-groups factor, age, was significant, F(1, 
81) = 7.419, p < .008, η2 = .084. Therefore, the effect of the interaction between the list of items and the second 
between-groups factor, experimental condition, was significant, F(1, 81) = 14.999, p < .001, η2 = .156. The 
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combined interaction of the list of items, age and experimental condition also showed a statistically significant 
effect, F(1, 81) = 7.816, p < .006, η2 = .088.    
For a more intuitive illustration of the children’s recall performances, in Table 1 are presented the mean values of 
correctly recalled words in each of the experimental conditions and for each age group. Standard deviations are in 
brackets.  
 
Table 1 
The mean values of correctly recalled to-be-forgotten (F) and to-be-remembered (R) words as a function of age in 
the item-by-item directed forgetting task of Experiment 1 
 
Simple memorization condition Item-by-item directed forgetting condition  
F R F R 
5th grade, 10-11 years 5.250 (1.74) 6.800 (2.39) 4.450 (2.01) 6.750 (2.73) 
8th grade, 13-14 years 4.916 (2.02) 6.416 (2.55) 1.857 ( .96) 8.000 (2.73) 
 
Then, I calculated the magnitude of the item-by-item directed forgetting effects, comparing the mean values of 
the correctly recalled to-be-forgotten words between the two experimental conditions: directed forgetting and simple 
memorization respectively. As anticipated, in the case of 5th grade children the independent sample t test values 
were: t(38) = 1.344, p < .372, which indicate the absence of a deceivable directed forgetting effect. In the case of 8th 
grade children instead, the independent sample t test calculations led to the following values: t(43) = 6.333, p < .002, 
indicating the presence of a significant item-by-item directed forgetting effect.  
When the recall of the to-be-remembered words has been compared between the groups assigned to the two 
experimental conditions (item-by-item directed forgetting and simple memorization), independent sample t test 
values were the following: for the 5th grade children, t(38) = 1.229, p < .226, and for the 8th grade, t(43) = 2.007, p < 
.051. These values suggest the presence of a “directed-forgetting benefit” (consisting in a better remembering of the 
to-be-remembered items, accompanying the successful forgetting of the to-be-forgotten items) in 8th grade 
participants.     
2.3. Discussion 
In general, people are able to voluntarily forget some parts of information available in the environment when they 
are motivated to do so (e.g. Badsen, Badsen, & Gargano, 1993; Golding & MacLeod, 1989). The ability to ignore 
irrelevant information in relation with the tasks or with the objectives the individual have to accomplish is a 
condition for success and for mental life efficiency. The intentional inhibition abilities allow people to be competent 
in a large domain of activities: decision making, complex problem solving, communication and social interactions or 
emotion regulations. The inhibitory deficit hypothesis suggests that cognitive and behavioral inhibition is less 
efficient in very young children, in older adults, under stress, fatigue or lack of motivation (Lustig, Hasher, & Zacks, 
2007).    
The purpose of this study was to emphasize potential differences between 5th and 8th grade children (the first and 
the last grades of secondary school in Romania) regarding their intentional cognitive inhibition competencies.  The 
mixed ANOVA calculations indicate the presence of significant differences between the two age groups regarding 
their capacity to intentionally forget a set of verbal stimuli. More specifically, the item-by-item directed forgetting 
effect was significant in 8th grade participants but its magnitude was under the threshold of statistical significance in 
5th grade children. These results illustrate the difficulties of 5th grade children to voluntarily inhibit the target stimuli. 
The item-by-item directed forgetting mainly reflects the early inhibition processes, acting during encoding or during 
the early stages of mnesic processing, and it is especially sensitive to selective rehearsal, a strategy the participants 
might use during the memorization phase. Most researchers agree that the item-by-item directed forgetting effect is 
mainly due to the selective rehearsal (Johnson, 1994; Golding & MacLeod, 1998). In this context, the absence of 
this effect in 5th grade children might be interpreted as a consequence of their inability to selectively rehearse the to-
be-remembered words during the experimental task. The absence of the directed forgetting benefit at the same age 
group seems to offer additional support to this explanation.  
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Assuming the lack of competence in the use the selective rehearsal as a strategy of memory control in 5th grade 
children, we must point out that, according to the same set of data, this competence develops during secondary 
school, being fully functional by the 8th grade. The results of these experiments offer additional support to the 
developmental trend of intentional cognitive inhibition in general, and of selective rehearsal as a memory control 
strategy, in particular.     
3. Experiment 2 
The purpose of this experiment is to investigate the development of retrieval inhibition, another process subjacent 
to intentional forgetting and cognitive control. The hypothesis is that from mid-childhood to adolescence, children’s 
abilities to inhibit the unwanted material during retrieval gradually improve. The experimental procedure used in 
this case is list method direct forgetting.  
 
3.1. Method 
 
3.1.1. Participants  
A total number of 87 children participated in this experiment on a volunteer basis.  They were selected at random 
from two secondary schools in Alba Iulia, Romania. The participants were divided in 4 groups, according to age and 
to experimental condition. Two groups comprised 20 and 22 fifth grade children, aged between 10 and 11 years. The 
other two groups comprised 24 and 21 eight grade children respectively, aged between 13 and 14 years.  
 
3.1.2. Design  
The experiment used a mixed factorial design 2 X 2 X 2. The between-groups independent variables were the age 
of the participants (10-11 years and 13-14 years) and the experimental condition characterized by the presence or 
absence of forgetting instructions (list directed forgetting or simple memorization). The within-subjects variable was 
the list of words (to be remembered or to be forgotten). The dependent variable was the number of correctly recalled 
words.     
 
3.1.3. Material 
 Two lists of 15 words each were used, the words being semantically unrelated and matched between the lists 
regarding their length and frequency in language. These sets of words were selected from a subscale of BTPAC, 
assessing cognitive inhibition (BTPAC - Psychological Tests Battery for Cognitive Aptitudes, by Cognitrom SRL).  
 
3.1.4. Procedure 
In the list directed forgetting condition, the participants were provided with the first list of 15 words to memorize. 
Then they received a mid-list instruction to forget these words (with the explanation that the words had been given 
only for practice). Then the second list of 15 words was presented and the participants were instructed to remember 
this list of words. Last, participants were asked to recall the studied words, including those they had been previously 
instructed to forget. In the simple memorization condition, participants were presented the same two lists but they 
were instructed to memorize the words from both lists. The lists of words and the experimental instructions were 
read aloud in front of the group of children at a reading speed of approximately 2-3 s/word. In both experimental 
conditions, the evaluation phase consisted of a free-recall task, with participants being asked to remember and to 
write down on a sheet of paper all the words presented. The time limit for free recalling was 3 minutes. 
3.2. Results 
A 2 (age, 5th and 8th grade) X 2 (experimental condition, list directed forgetting and simple memorization) X 2 
(list of items, to-be-forgotten or to-be-remembered) mixed analysis of variance (ANOVA) on recall rates was 
performed. The mixed ANOVA results with one within-subjects factor (list of items) and two between-groups 
factors (age and experimental condition) show statistically significant main effects.   
The effect of the list of items (to-be-forgotten or to-be-remembered) on the children’s recall rates was strongly 
significant, F(1, 83) = 48.599, p < .001, η2 = .369. The effect of the interaction between the list of items and the 
experimental condition was significant, F(1, 83) = 6.403, p < .013, η2 = .073. And, the combined interaction of the 
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list of items, age and experimental condition also showed a statistically significant effect, F(1, 83) = 6.371, p < .014, 
η2 = .071.    
The mean values of correctly recalled words in each of the experimental conditions and for each age group are 
presented in Table 2. Standard deviations are in brackets. 
 
Table 2 
The mean values of correctly recalled to-be-forgotten (F) and to-be-remembered (R) words as a function of age in 
the list directed forgetting task of Experiment 2 
 
Simple memorization condition List directed forgetting condition  
F R F R 
5th grade, 10-11 years 5.277 (1.81) 6.888 (2.42) 4.291 (1.36) 5.916 (1.99) 
8th grade, 13-14 years 5.125 (1.84) 6.083 (2.37) 3.571 (1.80) 7.476 (2.11) 
 
As in Experiment 1, I calculated then the magnitude of the list directed forgetting effects, comparing the mean 
values of the correctly recalled to-be-forgotten words between the two experimental conditions, directed forgetting 
and simple memorization respectively. In the case of 5th grade children the independent sample t test values were: 
t(33) = 1.952, p < .06, indicating a marginally significant list directed forgetting effect. In the case of 8th grade 
children, the independent sample t test calculations led to the following values: t(43) = 2.843, p < .007, indicating 
the presence of a strongly significant list directed forgetting effect. 
When the recall of the to-be-remembered words has been compared between the groups assigned to the two 
experimental conditions (list directed forgetting and simple memorization), independent sample t test values were 
the following: for the 5th grade children, t(33) = 1.250, p < .250, and for the 8th grade, t(43) = 2.065, p < .045. These 
values suggest the presence of the list directed-forgetting benefit in 8th grade participants.     
3.3. Discussion 
The results obtained in this experiment confirm a significant development of cognitive inhibition abilities in 
children during mid- to late childhood. Overall, these results are similar with those previously obtained by authors 
like Bray, Hersh and Turner (1985), Harnishfeger and Pope (1996), Ford, Keating and Patel (2004), Durston et al. 
(2002), Kail (2002) or Paz-Alonso et al. (2009). 
A large amount of research indicates the occurrence of significant directed forgetting effects of semantically 
unrelated and emotionally neutral words in the general population (Golding & MacLeod, 1998; MacLeod, 2007). 
Directed forgetting effects occurring in list procedure are mainly explained through the engagement of active 
processes of retrieval inhibition (Golding & MacLeod, 1998). In this experiment, the data obtained from the list 
directed task suggest the presence of significant differences between the two age groups we investigated, regarding 
their abilities to inhibit unwanted information, or, more exactly, regarding their abilities to engage retrieval 
inhibition processes.  
The reduced magnitude of the list directed forgetting effect in the case of 5th grade children compared with the 8th 
grade, as well as the absence of the list directed forgetting benefit observed only in the 5th grade, suggests that 
children’s abilities to engage retrieval inhibition processes in order to control the mnesic access and actualization of 
unwanted information, develop with age. Because the list directed forgetting effect is statistically significant (p < 
.06) in the case of 5th grade children, I appreciate that even at this age the children posses certain abilities to 
voluntarily engage retrieval inhibition processes that ensure them a noticeable degree of mnesic control. From early 
ages, cognitive inhibition seems to play important roles, assuring the efficacy of mental functioning and supporting 
cognitive development (Durston et al., 2002).  
As the data shows, the magnitude of the list directed forgetting and children’s retrieval inhibition abilities 
increases/develops with age, their performances at 13-14 years (8th grade) being comparable with those achieved in 
adulthood. In the case of the 8th grade experimental groups, by contrast with the 5th grade, the magnitude of the list 
directed forgetting effect increases, becoming strongly significant (p < .007), which led to the occurrence of an  
associated directed forgetting benefit.  
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4. General discussion  
 
The general aim of this study was to investigate the development of cognitive inhibition during secondary school. I selected 
this age interval for two reasons: first, it was suggested by the existing literature, several studies identifying a “sharp transition in 
memory abilities” (Bray, Hersh, & Turner, 1985) between 11-14 years (Harnishfeger & Pope, 1996, Ford, Keating, & 
Patel, 2004; Durston et al., 2002, Kail, 2002, Paz-Alonso et al., 2009). Second, this period is characterized by 
significant cognitive transformations determined by maturation itself but mainly due to the multiple learning 
activities shaped in secondary school by a complex curriculum and due to important changes in the individual’s 
social life. The development of cognitive inhibition by the end of secondary school allows the individuals to be 
efficient in performing more and more complex cognitive activities (such as decision and problem solving), to 
regulate better their emotions and behaviors and to gain more autonomy and independence.  
The results obtained in Experiment 1 and Experiment 2 shows a developmental progression of cognitive 
inhibition, children becoming more able to regulate their mnesic processes as they become older. In addition to 
previous studies, I intended a more detailed analysis of the children’s cognitive inhibition. In order to achieve this 
purpose, I used two procedural versions of the directed forgetting paradigm, one of them being sensitive to the 
inhibitory processes engaged during the early stage of information processing (the item-by-item procedure) and the 
other being sensitive to retrieval inhibition (the list procedure).  
The results from both experiments suggest that at 13-14 years old, healthy individuals posses the same cognitive 
inhibition abilities as the young adults. At 10-11 years old instead, the individuals are less able to control the mnesic 
access of unwanted, irrelevant or redundant information. In 5th grade, children are less able to use adequately the 
selective rehearsal strategy in order to remember selectively only certain parts of a longer material. Retrieval 
inhibition is more efficient in 8th grade comparing with 5th grade. But, despite this fact, it should be mentioned that 
even when in 5th grade children have good abilities to use retrieval inhibition, as an underlying mechanism for 
global intentional forgetting. A more detailed developmental evolution of cognitive inhibition remains to be traced 
by future research.            
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